The developed land area of the US increased by 14.2 million hectares between 1982 and 2003. Along with a projected US population increase to more than 360 million individuals by 2030 is an expected continuation of expanding rural land development. Related to population growth, rural land development and the associated loss of rural open space are expected to have a number of social, economic, and ecological implications. To gain greater insight into land development patterns, we used US Census Bureau and National Resources Inventory data to quantify per-housing-unit rates of land development during recent decades and to model future land development to 2030 for states and regions in the US. Based on these data, 0.50 ha of additional land were developed for each additional housing unit in the US. The numbers of hectares of newly developed land per additional housing unit were greatest in the South Central and Great Plains regions and least in the Pacific Coast and Rocky Mountain regions of the country. Combining population projections and trends in people per housing unit with development indices, we projected that developed area in the US will increase by 22 million hectares between 2003 and 2030, with the greatest absolute increases projected to occur in the Southeast and South Central regions of the US. We used sensitivity analysis to examine the impacts of changes in population migration patterns and per housing unit development patterns on increases in projected developed area.
Introduction
The area of developed land in the United States (US) increased by more than 48% between 1982 (USDA NRCS, 2007 . During this time, approximately 680,000 ha of rural land were converted to developed uses annually (USDA NRCS, 2007) . Net loss and fragmentation of rural lands have many potential implications for the goods, services, and functions of natural resources provided by such landscapes (e.g., Alberti et al., 2003; Arnold and Gibbons, 1996; Collins et al., 2000) , the species that use them and their habitat (e.g., Faeth et al., 2005; McKinney, 2002; Riley et al., 2003) , and the ability of invasive species to establish themselves (e.g., Holway, 2005; Lambropoulos et al., 1999; Yates et al., 2004) . Past research also has suggested that the addition of homes and other structures into rural landscapes can increase the probability of wildland fire and complicate fire management efforts (e.g., Berry and Hesseln, 2004; Cardille et al., 2001; Gebert et al., 2007; Sturtevant and Cleland, 2007) , can have deleterious effects on water quality (Atasoy et al., 2006; Pijanowski et al., 2002b; Tang et al., 2005) , and possibly can reduce the propensity for forest management and timber harvest Munn et al., 2002; Wear et al., 1999) .
Land-use conversion is expected to continue in the coming decades. In the contiguous US, Stein et al. (2005) projected that residential development will affect an additional 18 million hectares of currently rural private land within forested watersheds by 2030. More specifically, Alig and Plantinga (2004) projected that 10 million hectares of forested land will be converted to developed uses between 1997 and 2030. Nowak and Walton (2005) projected that 5.3% (118,000 km 2 ) of non-urban forest land will be "subsumed" by urban growth by 2050, with the greatest impacts in the Southern and Eastern forests.
Researchers have employed a number of metrics and projection models for defining and quantifying the development of rural lands, based on available datasets. The USDA Natural Resources Conservation Service (USDA NRCS) National Resources Inventory (NRI) (USDA NRCS, 2000 data have been used as a basis for numerous land-cover and land-use change studies (e.g., Alig et al., 2003 Alig et al., , 2004 Lubowski, 2002; Polyakov and Zhang, 2008 ). An alternative source of data, the US Department of Commerce (USDC) Census Bureau data for urban area that is defined based on population and proximity to established urban areas, are updated every 10 years and were used by Nowak and Walton (2005) to project urban area expansion to 2050. Hobbs and Stoops (2002) used the USDC Census Bureau definition of urban area and urban growth over time as an indicator of land development. Likewise, other researchers have adapted USDA Forest Service Forest Inventory and Analysis (FIA) data and definition of urban lands to identify the conversion of forest land to urban uses (e.g., Harper et al., in press; Kline and Alig, 1999 ; Thompson and Thompson, 2002) . Others have quantified losses of agricultural (e.g., Nelson, 1999) and forest land (e.g., Alig and Plantinga, 2004) . However, quantifying the overall loss of agricultural or forest land also requires identifying rural lands that will convert to other rural land uses (e.g., agriculture land replanted to forest and vice versa), as well as rural land converted to developed uses. In addition, several spatially explicit land-cover and landuse change models have been constructed using remotely sensed land-cover data and often involve cellular automata, autonomous agents, and/or neural networks (e.g., Clarke and Gaydos, 1998; Evans and Kelley, 2004; Pijanowski et al., 2002a; Zhen et al., 2005) . However, such spatially explicit models typically are applied to regional-or local-level analyses rather than national-level analyses.
Land-use studies also have included demographic characteristics as a component of a land development metric. For example, Kline (2000) quantified land developed as the number of additional acres of developed land per additional resident for US states as an indicator of the relative efficiency of developed land use. More broadly, Liu et al. (2003) focused on per capita resource consumption at the household level and how an overall decrease in household size has contributed to a net increase in resource consumption for a given population size.
In this study, we adopted a metric that quantifies land development on a per-housing-unit basis. Our study is an improvement upon past research such that our metric is not complicated by population decreases (as found in Kline, 2000) and extends the approach adopted in Liu et al. (2003) to include housing units that are not currently primary residences (e.g., second homes, newly built vacant houses). To better elucidate the patterns of land development, we quantified the rate of development at the housing unit level over a 15-year period from 1982 to 1997. Using population projections and extrapolations of changes in the number of people per housing unit, we projected changes in developed area for US states and regions to the year 2030 under current conditions and under simulated alternate migration patterns and reduced land development rates.
Conceptual model of land development
The developed land added between time T 0 and T 1 (D t1 − t0 ) is the amount of land needed to meet the demand for new residential (D R ), commercial and institutional (D C ), industrial (D I ), and transportation (D T ) development ( Fig. 1) :
The amount of land required for new residential development (D R ) is a function of the increase in population, the changing incomes of individuals, changing preferences for housing (e.g., desire for larger houses, second homes, amenity migration), and changes in the number of people per housing unit (e.g., Alig et al., 2004; Montgomery, 2001; Theobald, 2005) . Land development for commercial and institutional uses (D C ) (e.g., retail, healthcare facilities, schools, government buildings) is influenced by broad economic conditions, local factors influencing land use (e.g., planning, zoning, land prices), and demands associated with the expanding residential area (D R ). Land development required for industrial sector expansion (D I ) is influenced by broad economic conditions and local factors influencing land use, as well as the availability of production inputs (e.g., labor, capital, intermediate products). Finally, the expansion of transportation networks (D T ) is influenced by growth in the residential (D R ), commercial/institutional (D C ), and industry sectors (D I ) (e.g., Baldwin et al., 2007) .
The additional developed land area required at T 1 (D t1 − t0 ) is provided by both land already in some form of developed or urban use (D existing ) (through in-fill development and renovation of existing developed infrastructure, as in urban renewal, for example) and rural land that is converted to developed uses (R converted ) ( Fig. 1) :
The amount of rural land converted to developed uses (R converted ) is a reflection of the rents of those rural lands in rural production (e.g., the rents from agriculture or forestry production) relative to the rents for developed uses and local factors influencing land-use conversion (e.g., zoning and planning and physiographic conditions) (Alig et al., 2003 Lubowski, 2002; Parks and Murray, 1994) . Although rural land historically has converted back and forth between rural uses (e.g., agriculture to forest and vice versa), conversion to developed uses is generally a permanent alteration of rural lands.
In this study, residential development (D R ) served both as a driver of land development by itself and as an input to the development of related commercial/institutional (D C ) and transportation expansion (D T ) ( Fig. 1 ). Industrial development (D I ) could be related positively to residential development to the extent that proximate residential areas provide labor inputs or consume the outputs from industry (e.g., energy production). Alternately, residential development may be related inversely to industrial expansion because of incompatibility of residential areas and industrial production (e.g., noise pollution). Considering the postulated important role of residential expansion in driving land development and readily available housing unit counts from the USDC Census Bureau, we adopted a per-housing-unit metric for characterizing additional land development (our development index). Our projection model focused on linking future changes in population and people per housing unit to future demands for residential expansion. Demands for residential expansion then were translated into future developed land area based on long-term relationships between residential expansion and the addition of developed area. Other factors potentially influencing land development (e.g., local zoning and planning) were held static and were internalized into the long-term relationships between developed area and residential development. We examined the impacts of changes in some of the factors influencing land use on future developed area via sensitivity analyses. The utility of our model is fourfold, such that it: (1) is operationally simple, (2) applies to multiple geographic levels, (3) can accommodate additional complexity, and (4) relies on easily accessible data. Our research differs from Alig et al. (2004) such that we adopted a simulation modeling approach, rather than an econometric modeling approach. Likewise, our research differs from Nowak and Walton (2005) such that we used NRI data to identify developed land area. In addition, our research differs from both Alig et al. (2004) and Nowak and Walton (2005) in that we explicitly incorporated projected residential expansion into the model of future land development. 
Methods

Study area and regions
Development indices and developed area projections were computed at three geographic levels: (1) the 48 contiguous US states plus Hawaii, (2) seven regions of the US, and (3) the Nation. Regional delineations adopted for our analysis were based on those adopted in the periodic US Resources Planning Act (RPA) Assessments and are consistent with delineations adopted by Nowak and Walton (2005) . Alaska, Puerto Rico, the US Virgin Islands, and the South Pacific islands were excluded from analyses because appropriate land-use data were not available separately for those areas.
Construction of development indices
Developed area
We obtained state-and national-level developed area estimates from the NRI results (USDA NRCS, 2000 . Via the NRI, the USDA NRCS estimated the area of non-federally owned land within seven major land-cover/land-use categories: developed land, cropland, forest land, rangeland, pastureland, other rural land, and Conservation Reserve Program land. Developed land included large and small urban and built-up lands and rural transportation lands (USDA NRCS, 2000) . Between the 1982 and 1997 sample dates, the NRI was implemented via a periodic panel survey completed every 5 years. Beginning in 2000, NRI sampling was converted to an annual sample. The developed area estimates from the periodic survey data collected for years 1982, 1987, 1992, and 1997 can be used to quantify developed area changes over time (i.e., D t1 − t0 ) and the patterns of transitions between major land uses (USDA NRCS, 2000) . Although the post-2000 estimates of developed area at the state-level can be used to describe current conditions, they cannot be compared to previous estimates or be used to estimate transition patterns (USDA NRCS, 2007) . A complete description of the NRI periodic survey methods is available in USDA NRCS (2000) .
We computed increases in developed area for two 5-year periods, 1982-1987 and 1992-1997, and the long-term 15-year period 1982-1997 (all corresponding to the NRI periodic sample dates) for each state and region and for the US. Based on the definition of developed land adopted in the NRI, additional intensification of development within existing built-up landscapes does not contribute to the gross increase in the area of developed land. Rather, increases in NRI-defined developed land area represent conversions of previously rural lands to developed uses.
Housing units and population
Census Bureau estimates of population and housing units were gathered for 1980 (USDC Census Bureau, 1993 , 1999a ,b,c, 2005a . Annual population estimates constructed by the USDC Census Bureau were based on models incorporating natural changes in population (births and deaths) and domestic migration between states and regions (USDC Census Bureau, 1999d) . The 1980 The , 1990 censuses served as reference points for the estimates in the succeeding years, respectively. Housing unit estimates were developed using the number of housing units identified in the reference census years and estimates of residential construction, mobile home placement, and housing demolition since the most recent census (USDC Census Bureau, 1999d). Housing estimates included seasonal and vacant housing units. The periodic increase in number of housing units corresponding to the periodic NRI survey years (1982-1987, 1992-1997, and 1982-1997) was computed for each state, region, and the nation. Using the population and housing unit estimates, the average number of individuals per housing unit was computed for each year between 1980 and 2005.
Development index
Following the approach used by Kline (2000) , development indices (DevIndex) were calculated as the changes in developed area during the three time periods considered (D t1 − t0 ) (1982-1987, 1992-1997, 1982-1997) divided by the housing unit increases over the same time periods (H t1 − t0 ):
The resulting development indices represent the relationships between additional developed area and the establishment of additional housing units during the time periods. In addition, the relationship between developed area and housing units implicitly included the conversion of rural land to developed uses associated with existing housing units and commercial, industrial, and transportation development in rural areas that was unrelated to new housing development.
Developed area projections
State-, regional-, and national-level projections of the expected increase in developed area between 2003 (the most recent year that NRI data were available for individual states) and 2030 (D 2030-2003 ) were constructed using (1) 
The year 2030 population projections were obtained from the USDC Census Bureau (2005b). The expected numbers of individuals per housing unit for year 2030 were constructed by extrapolating the 25-year trend of people per housing unit for each state and region, as well as the nation. All calculations were completed at state, regional, and national levels.
Model verification and validation
The model was verified by setting 1982 as the baseline year in Eq. (1) and projecting developed area to year 1997. Parameters used included the 1997 population estimate (treated as the given USDC Census Bureau population projection), the 1982-1997 development indices (constructed for this study), and the projected number of people per housing unit for 1997 as estimated by the people per housing unit trend model (constructed for this study with 1997 substituted as the terminal year). We validated the model against year 2003 NRI developed area figures (which were not used for model construction) (USDA NRCS, 2007 ). Similar to model verification, year 1982 was treated as the baseline year for validation. Parameters used in Eq. (1) included the 2003 population estimate (treated as the given USDC Census Bureau population projection), the 1982-1997 development indices (constructed for this study), and the projected number of people per housing unit for 2003 as estimated by the people per housing unit trend model (constructed for this study). Model outputs were compared to the observed NRI developed area estimates and the 95% confidence intervals around those estimates for year 2003. The percentage differences between model outputs and NRI estimates also were computed to determine the extent to which model output differed from observed developed area in 2003.
Impacts of changes in migration patterns and development indices
To examine potential impacts that changes in population growth patterns may have on projected developed area expansion in the US, we modified the population projections for states in the Southeast and Pacific Coast regions (i.e., Pop 2030 ). The rapid population growth in the Southern states over recent decades can largely be attributed to domestic migration to the South. Recently (between 2000 and 2004) , domestic net migration to the South has abated slightly (Perry, 2006) . Concurrently, domestic net migration rates to the Pacific Coast states have increased (Perry, 2006) . Consistent with these recent patterns, we reduced the 2030 population projections to the states in the Southeast region by 10% (approximately 2.5 million individuals) and increased the population projections for the Pacific Coast region by the corresponding number of individuals. The population increases were distributed to the Pacific Coast region states based on the current population distribution across the states in that region. Because California is by far the most populated state in the Pacific Coast region, the majority of the additional population was distributed to California's projected 2030 population.
To examine how developed area projections are affected by changes in the rate of developed area expansion per additional housing unit, we simulated a reduction in developed area expansion rates for the states and regions with the highest development indices (i.e., DevIndex 1997 (i.e., DevIndex -1982 ). State-and regionlevel development indices were capped at 110% of the national development index. This reduction simulated an increase in the efficiency of land development in response to new regulations or changing preferences in the states with the highest development indices. States and regions with development indices already at or below 110% of national average were left unchanged.
Results
Developed land area
Developed land constitutes slightly more than 7% of the nonfederal land base in the contiguous US. The Southeast and Northeast regions are the most developed in the US, with 15% and 14% of nonfederal land areas developed, respectively (Fig. 2) . The Great Plains and Rocky Mountain regions are the least developed within the US; approximately 3% of the non-federal land area is developed in each of these regions. Of the 10 most developed states, 7 are in the Northeast region, 2 are in the Southeast region, and 1 is in the North Central region (Fig. 2) .
From 1982 to 1997, the greatest absolute and percentage increases (2.6 million hectares or 58%) in developed area were in the Southeast region of the US (Table 1 ). The smallest increases in developed area were in the Great Plains region (201,000 ha or 11%). At the state-level, the greatest absolute increases in developed area were in Texas (923,000 ha), Florida (770,000 ha), and Georgia (644,000 ha). On a percentage basis, Georgia (67%), North Carolina (60%), and Florida (58%) experienced the greatest increases in developed area. North Dakota (6%), Iowa (8%), and Nebraska (8%) experienced the lowest percentage increases in developed area. In nearly all cases, the percentage increases in developed area during the 1992-1997 period were greater than those during the 1982-1987 period. 
Development indices
During the 15-year NRI remeasurement period (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) , approximately 20 million housing units were added within the US (Table 2 ). Approximately 7.5 million housing units were added between 1982 and 1987, whereas about 6.5 million housing units were added between 1992 and 1997. Consistent with concurrent population increases, the greatest regional increase in housing units was in the Southeast region (5.2 million housing units). In contrast, the Great Plains region added 273,000 housing units over the same period. At the state level, California (2.3 million), Florida (2.1 million), and Texas (1.7 million) added the greatest number of housing units between 1982 and 1997. In comparison, 12,000 housing units were added in Wyoming during the same time period.
Nationally, 0.50 additional hectares of rural land were converted to developed uses for each housing unit added between 1982 and 1997 ( 1982-1987 1992-1997 1982-1997 1982-1987 1992-1997 1982-1997 tain regions) had development indices that were less than the national average: 0.27 and 0.38 ha, respectively. In all other regions, the hectares of developed land gained per additional housing unit were equal to or greater than the national average. The greatest number of hectares of additional development per additional housing unit was in the Great Plains region, which was mostly related to high development indices in the Dakotas. The South Central region had the second greatest development index. In most cases, the per-housing-unit expansion of developed area that took place during the 1990s was greater than that during the 1980s. At the national-level, the development index for the 1992-1997 period was double the development index for the 1982-1987 period. At the state level in the Southeast region, development indices were greater than the national average in Georgia (0.65 ha), North Carolina (0.63 ha), and South Carolina (0.68), but less than the national average in Virginia (0.45 ha) and Florida (0.36 ha) ( Table 2 ). In the South Central region, development indices for all states were greater than the national average. Seven of the 12 states in the Northeast region had development indices that were greater than the national average. All states in the Pacific Coast region had development indices below the national average.
Projections of developed area
Model verification and validation
Model verification indicated that the model was functioning as expected. All model projections of 1997 developed area matched the observed NRI 1997 developed area. The results of model validation indicated that the model provided reasonable estimates of Table 2 Housing unit expansion and per housing unit land development in the United States, 1982-1997.
Region/state
Housing unit change Additional hectares of land development per additional housing unit 1982-1987 1992-1997 1982-1997 1982-1987 1992-1997 1982-1997 Southeast . Across all states, the average difference between the model projections and the NRI developed area estimates was 3.1%. Percentage differences at the state level ranged (in absolute value terms) from 0.04% to 37.9%. Thirty-two (66%) of the state-level developed area projections were within 5% of the NRI estimates of developed area. For the 16 states where the projections were more than 5% different from the NRI estimates, seven still fell within 95% confidence intervals for the NRI developed area for the respective states. Nine states had projections of developed area that were outside of the NRI 95% confidence interval estimate of developed area and were more than 5% different from the NRI estimates: Idaho (11.8%), Illinois (7.1%), Kentucky (6.9%), Massachusetts (5.1%), Minnesota (5.9%), Ohio (6.7%), Tennessee (9.0%), West Virginia (37.9%),
and Wyoming (19.5%). At the national level, the developed area projection for 2003 was within 3% of the NRI developed area estimate but outside the NRI developed area 95% confidence interval.
Developed area projections
Nationally, we projected that 22 million hectares of rural lands will be converted to developed uses between 2003 and 2030, which is a 51% increase in developed area (Table 3) . Regionally, the greatest increases in developed area were projected for the Southeast (6.9 million hectares, or 84%) and the South Central (6.3 million hectares, or 64%) US (Table 3, Fig. 3 ). Significant, though lesser, increases were projected in the Rocky Mountain region (2 million hectares, or 57%). Developed areas in the North Central and Northeast regions were projected to expand by approximately 39%, which equals a projected increase of 3.6 million hectares in the North Central region and 2.7 million hectares in the Northeast region. The Great Plains region was projected to undergo the smallest absolute increase in developed area (354,000 ha, 17%) followed by the Pacific Coast region (1.2 million hectares, 31%).
At the state-level, North Carolina and Florida were each projected to experience a greater than 90% increase in developed area during the 2003-2030 time period, or 1.8 and 2.1 million hectares of additional development, respectively (Table 3, Figure 3 ). Georgia was projected to experience an increase in developed area of approximately 1.3 million hectares (73%). In the South Central region, Texas was projected to add 2.4 million hectares of developed land by 2030, which was the greatest absolute increase in developed area projected for any state. Other significant increases were projected in the South Central states of Tennessee (952,000 ha, 90%) and Kentucky (680,000 ha, 84%). For the Rocky Mountain region, the greatest absolute increase in developed hectares was projected in Arizona (543,000 ha) with the greatest percentage increases projected for Idaho (73%), Arizona (70%), and Utah (63%). For the Pacific Coast region, the greatest absolute increases were projected for California (630,000 ha) and Washington (441,000 ha) while the greatest percentage increase was projected for Oregon (52%).
Alternative migration patterns and development indices
Nationally, a 10% reduction in projected population growth in the Southeast states and a corresponding population increase in the Pacific Coast region resulted in a national-level net reduction in projected 2030 developed area of 386,000 ha. The simulated 10% reduction in projected population growth for the Southeast region states yielded the greatest absolute reduction in 2030 population in Florida (1.3 million individuals). Population reductions in Georgia and North Carolina each were approximately 400,000 individuals, with smaller reductions in Virginia (274,000 individuals) and South  Carolina (113,000) . The simulated reduction in projected population for states within the Southeast region reduced the projected expansion in developed area for that region by 619,000 ha (a 1% reduction from the Southeast's baseline projection). The greatest reductions in the projected developed area increase were in Florida (221,000 ha), North Carolina (144,000 ha) and Georgia (117,000 ha). The projected 2030 developed areas for Virginia and South Carolina were reduced by 58,000 and 45,000 ha, respectively, under the scenario.
The simulated increase of 2.5 million in 2030 population in the Pacific Coast region yielded an additional 232,000 ha of projected developed land in that region. Consistent with how the population was distributed among the Pacific Coast states, 140,000 and 56,000 ha of additional 2030 developed area were projected for California and Washington, respectively. For Oregon, the developed area expansion was 14% (38,000 ha) greater under this scenario than under the baseline population scenario. The simulated increase in population yielded an additional 4000 ha of projected development in Hawaii.
We also simulated the change in projected developed area resulting from a cap on development indices at 110% of the national development index. The simulated cap led to reduced development indices in 26 states and 4 regions. The average decrease in development index across the states impacted by the cap was 0.31 ha. Excluding Wyoming and West Virginia (the states with the highest development indices), the average reduction was 0.24 ha G Model LAND-1627; No. of Pages 12 across impacted states. Nationally, the simulated cap in development indices was projected to yield 1.2 million fewer hectares of developed area by 2030, which was equivalent to 5% of the baseline projected increase in developed area between 2003 and 2030.
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Discussion
Model performance
State-level projections of year 2003 developed area were either within the observed NRI 95% confidence interval of developed area, within 5% of the NRI estimate of developed area, or both for 39 (81%) of the states included in this study. However, there were large differences between model projections and observed year 2003 developed area in West Virginia and Wyoming. These differences are likely the result of inflated development indices. West Virginia's development index was 3.5 ha per housing unit, whereas Wyoming's was 3.1 ha per housing unit. During the 1982-1997 time period, both states experienced small increases in the number of homes along with a more substantial increase in developed area, which likely was the result of development expansion other than housing. These unknown factors yielded development indices that were significantly greater than those found for any other state. Similarly large development indices for Wyoming and West Virginia were found in Kline (2000) . Thus, the projections of year 2030 developed area for Wyoming and West Virginia should be interpreted with caution.
The national-level projection of 2003 developed area was 3% greater than the observed NRI developed area figure, but did fall outside the NRI developed area 95% confidence interval. The difference between our projection and the NRI estimate likely is related to two factors. First, unlike the national-level estimates of developed area used to initiate and parameterize our validation model, the 2003 national-level NRI developed area estimate does not include developed land in Hawaii, Puerto Rico, the Virgin Islands, and portions of the Pacific Basin (USDA NRCS, 2000 . Second, the 2003 NRI land-use estimates are based on annual surveys that occurred between (USDA NRCS, 2007 . Inclusion of 2000, 2001, and 2002 
Comparison with other national-level developed area projections
The year 2030 projections of developed area from this study were consistent with those of Alig et al. (2004) and Nowak and Walton (2005) . The National-level projections reported in this study fell between the "low" and "baseline" projections of Alig et al. (2004) and were slightly greater than those reported by Nowak and Walton (2005) for year 2030. In their analysis, Nowak and Walton (2005) used the USDC Census Bureau definition of "urban area," whereas Alig et al. (2004) and the present study used NRI data and the NRI definition of developed land. Alig and White (2007) have previously found for western Washington that the projections from Nowak and Walton were slightly less than NRI-based projections of future developed area.
Conversion of undeveloped lands
At the state level, the area of land projected to be converted to developed uses ranged between 0.4% (Nebraska and North Dakota) and 33% (New Jersey) of currently existing non-federal rural land (Table 3) . Regionally, projected rural land development as a percentage of current non-federal rural land area is largest in the Southeast and Northeast regions (15% and 6%, respectively), and smallest in the Great Plains (0.5%) and Rocky Mountain (1.8%) regions.
Although aggregate losses of rural land may be small at the state and regional level, local-level impacts may be significant. For example, projected development in Colorado represents 2% of the current non-federal rural land in that state. However, continued rapid development along the Front Range and southwestern portions of Colorado will impact greater percentages of non-federal rural lands in those areas of the state. Ultimately, it is at the local level where social and ecological impacts of urbanization of rural lands may be greatest (see Stein et al., 2007 for examples of some local implications of residential development). Additionally, the spatial arrangement of rural lands that are converted to developed uses, even for small areas, may magnify the ecological impacts from urbanization (e.g., wildlife habitat use; Dixon et al., 2006; Johnson and Collinge, 2004; Ng et al., 2004; Riley et al., 2003) .
Factors influencing development rates
We used long-term 15-year development indices to project the increase in developed area between 2003 and 2030. Development indices for the 1980s and 1990s differed within the 15-year period. Reflecting the strong economic growth during the 1990s, the development indices for the 1990s generally were greater than those of the 1980s. If we had used the development indices found for 1992-1997 to parameterize the model constructed for this study, projected increases in developed area would have been greater (see Alig and Plantinga, 2004 for an example of developed area projections using the 1990s growth rates). Conversely, if the 1980s development indices were used, developed area would have been less than was projected here. Long-term economic conditions in the upcoming decades that differ appreciably from those experienced in the period 1982-1997 may lead to greater or lesser expansions in developed area. However, our projections provided a conservative estimate of future developed area increases based on long-term patterns of developed area expansion.
Other factors may also influence rates of rural development in the upcoming decades. Significant changes in individual preferences for housing characteristics and locations (e.g., smaller lot-sizes and changes in the desire to live in rural amenity-rich areas [Garber-Yonts, 2004] ), reductions in the housing purchasing power of individuals (in response to decreases in real income), or changes in site preferences for commercial and industrial entities could affect developed area expansion.
Our sensitivity analysis of changes in the domestic migration patterns of 2.5 million individuals indicated a national-level net reduction in projected 2030 developed area of 386,000 ha-1.8% of the baseline projected increase. This reduction reflected regional differences in both the people per housing unit and development indices found in this study for the Southeast and Pacific Coast regions. With the exception of Florida, states within the Southeast region have development indices that are greater than those of the Pacific Coast states. Additionally, on average, the number of people per housing unit is greater in the Pacific Coast region than in the Southeast region. All else being equal, population increases in the Pacific Coast region currently result in fewer housing units, and less rural land conversion, than in the Southeast states.
Recently, it has been suggested that increases in the retail price of motor vehicle fuels may reduce rural residential development rates (e.g., Cortright, 2008; Goodman, 2008; Penalver, 2007) . The previously low cost of commuting had not inhibited the movement of people outward from the city centers, but continued high transportation costs could result in a slowing of residential development in rural commuting environs and changes in rural development patterns. Our sensitivity analysis of reductions in development index mimics a decrease in the rate of rural land development per additional housing unit. The reduction in development index in the 26 states and four regions with higher than average rates of rural development yielded a 5% (1.2 million hectares) reduction in rural land development compared to baseline projections. Greater than 80% of that 1.2 million hectare decrease was associated with a decrease in projected developed area across the South Central states, where all states had development indices above the national average. Reductions in development index that are more extensive or of greater magnitude may lead to greater reductions in rural land conversion.
Changes in demand for goods and services produced from rural lands may also lead to reductions in the rate of rural land development. For example, increased demands for land for bioenergy production (e.g., corn-based ethanol) to address fossil fuel concerns may lead to increases in value of rural land for nontraditional agricultural or forest production relative to the value of rural land for developed uses. The demand for bioenergy production may increase further with technological advances, such as those allowing for greater use of cellulosic ethanol for bioenergy.
Finally, increased emphasis on open space conservation through regulatory, incentive, or other programs may decrease the rates of rural land conversion in the coming decades. As the area of rural land decreases, there are greater demands placed on remaining open space. This may result in changes in the behavior of individuals and communities with regard to the conservation of rural landscapes. For example, Kline (2006) found that the likelihood of passing referenda related to the protection of undeveloped land increases as the per capita amount of undeveloped area decreases. Scarcity of undeveloped land also may lead to greater values on the amenities received from rural lands, particularly non-market goods and services that are associated with living in proximity to rural lands (e.g., Irwin, 2002; Thorsnes, 2002; White and Leefers, 2007) . In response to declines in the amount of open space and rural land, local and regional planning entities may initiate efforts that focus on conserving open space.
Conclusions
Rapid rural development is projected to continue, with the greatest absolute and percentage increases in developed area projected for the Southeast and South Central regions. High levels of developed area expansion also are expected in states with both high rates of additional development per additional housing unit and large projected population increases. Continued declines in the number of people per housing unit also will contribute to the rate of rural development as more housing units are required to accommodate the population. Goods and services associated with rural landscapes likely will continue to be threatened by rural development, placing additional pressure on natural resource managers to incorporate the changing rural landscape in resource planning.
The lack of consistent, regularly updated land-use data at national, regional, and local levels in the US presents difficulties for timely monitoring of land-use and land-use change. The most recent national-level data available to estimate land-cover and land-use transitions for this research are more than a decade old. Additional research efforts to identify a monitoring framework for land use within the US may significantly improve our understanding of ongoing land-use change and improve our ability to model land-use change. For example, technological advances may enhance prospects for increased integration of remotely sensed and ground-based measurements of land-use changes. Such a frame-work would be useful for improving our ability to examine the potential impacts of economic and policy dynamics (e.g., increasing energy prices and demand for bioenergy production) on rates of rural land development.
